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I .  INTRODUCTION 

A c r i t i c a l  review of pub l i shed  i n f o r m a t i o n  on t h e  p h y s i c a l  and 

thermodynamic p r o p e r t i e s  of l i q u i d  oxygen d i f  l u o r i d e  and l i q u i d  d i b o r a n e  

i s  p r e s e n t e d  i n  accordance  w i t h  TDM r e q u e s t  N o .  66X08900 under  J P L  

C o n t r a c t  N o .  951581. 

I n f o r m a t i o n  s o u r c e s  consu l t ed  were Chemical A b s t r a c t s ,  m a n u f a c t u r e r ' s  

l i t e r a t u r e ,  and Government a b s t r a c t s ,  such as STAR and DDC. A l l  d a t a  

c i t e d  i n  t h i s  rev iew were o b t a i n e d  from pr imary  documents;  review a r t i -  

c les  provided  some h e l p f u l  r e f e r e n c e s .  

A summary and e v a l u a t i o n  of a v a i l a b l e  d a t a  f o r  t h e  p r o p e r t i e s  of  

OFZ are g iven  i n  S e c t i o n  I1 and f o r  t h e  p r o p e r t i e s  01 B ki 

O r i g i n a l  d a t a  have  been t a b u l a t e d  and are accompanied by g raphs  (where 

p r a c t i c a l )  t o  i l l u s t r a t e  concordance o r  c o n f l i c t s  i n  t h e  measurements 

and c a l c u l a t i o n s  of v a r i o u s  workers .  A b r i e f  d i s c u s s i o n  i s  g i v e n  of t h e  

v a l u e s  for  each  p r o p e r t y  and s u g g e s t i o n s  are made f o r  t h e  v a l i d i t y  of 

t h e  d a t a .  

i n  S e c t i o n  III. 
2 6  

A summary of selected d a t a  f o r  OF and B H i s  p rov ided  i n  S e c t i o n  I V  2 2 6  
and recommendations are made f o r  d e t e r m i n a t i o n  or r e - d e t e r m i n a t i o n  of 

v a l u e s  f o r  v a r i o u s  p h y s i c a l  p r o p e r t i e s .  
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11. PHYSICAL PROPERTIES OF LIQUID OXYGEN DIFLUORIDE 

Reviews and/or  c o m p i l a t i o n s  of d a t a  on t h e  p h y s i c a l  p r o p e r t i e s  of 

OF2 a r e  p r o v i d e d  b y  A l l i e d  Chemical ( l ) ,  George ( 5 ) ,  Thiokol  Chemical ( 1 7 ) ,  

and  S t r e n g  (15).  

t i o n  and coiiiparison of  pi+oceclilres and v a l u e s  as c i e sc r iued  i n  pr imary 

r e f e r e n c e s  . 

The d i s c u s s i o n s  g i v e n  below are t h e  i . e s u l t  of examina- 

- G e n e r a l  P r o p e r t i e s  

The g e n e r a l  p r o p e r t i e s  of l i q u i d  OF are summarized i n  T a b l e  1. 

M e l t i n g  P o i n t .  - The m e l t i n g  p o i n t  o f  9 8 . 5 s  OF 

2 

( a s s a y e d  iodometr i -  
2 

t ' a . l l y )  was d e t e r m i n e d  by R u f i  2nd C l u s i u s  itl 1930 (I'J;!. The i x e l t i n g  

p o i n t  c u r v e  p u b l i s h e d  by the  a u t h o r s  shows a small i n f l e c t i o n ,  probably  

d u e  t o  i m p u r i t i e s .  Al though t h e s e  workers  even tua l ly .  o b t a i n e d  p u r e r  

mater ia l  by f r a c t i o n a t i o n  i n  order  t o  e n a b l e  a c c u r a t e  d e t e r m i n a t i o n  o f  

other  p r o p e r t i e s ,  t h e  m e l t i n g  p o i n t  a p p a r e n t l y  was n o t  re -de termined .  

The d e t e r m i n a t i o n  has n o t  becn r c p c a t c d  by o t h e r  W o r l i C Y S ;  t h e  v a l u e  

o r i g i n a l l y  r e p o r t e d  by Ruff and C l u s i u s  (-223.8'C) i s  quoted  by a manu- 

f a c t u r e r  (1) and a p p e a r s  i n  t h e  Handbook of Chemis t ry  and P h y s i c s  ( 6 ) .  

B o i l i n g  P o i n t .  - S e v e r a l  v a l u e s  have been r e p o r t e d  f o r  t h e  b o i l i n g  

p o i n t  of OF * however, the  ea r l i e s t  r e p o r t e d  v a l u e  (11) of -146.5'C 

(98.5% OF2)  must be  d i s c a r d e d ,  s i n c e  t h e  a u t h o r s  l a t e r  r e v i s c d  t h e  v a l u e  

t o  -144.SoC, based on 99.8% m a t e r i a l  ( 1 2 ) .  

( o b t a i n e d  i n  1931) and -145.3'C (14 ,  1951)  a r e  g e n e r a l l y  r e p o r t e d  to- 

g e t h e r ,  e x c e p t  i n  t h e  case of  the Handbook of Chemis t ry  and P h y s i c s  (6), 

where o n l y  -144.8'C i s  c i t e d .  

(17, 1 9 6 2 ) .  

s i m i l a r  vapor  p r e s s u r e  d a t a ,  and p u r i t y  i s  r e p o r t e d  t o  be 99.6$ o r  b e t t e r .  

T h e  a u t h o r s  r e p o r t i n g  -145.3'C ( 1 4 )  employed i n f r a r e d  s p e c t r o s c o p y  t o  

show t h a t  t h e i r  ma te r i a l  conta ined  o n l y  O.l$ S i F  

i m p u r i t i e s .  

r e p o r t e d  t o  have  been a s s a y e d  by lnass s p e c t r o s c o p y ,  i n f r a r e d  a n a l y s e s  , 

2 '  

The v a l u e s  ol' -144.8'C 

The most r e c e n t  r e p o r t e d  v a l u e  i s  -145.2'C 

The t h r e e  v a l u e s  are o b t a i n e d  by e x t r a p o l a t i o n  of q u i t e  

atid 0.002% CF4 as 4 
The material  used t o  o b t a i n  t h e  -145.2'C v a l u e  ( 1 7 )  \vas 
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and g a s  chromatography, i i i c l icu t ing  a p u r i t y  of riot lcss  than 9 8  .6$. 

However, t r a c e  i m p u r i t i e s  such as oxygen and f l uo r i c l e  are n o t  d e t e c t a b l e  

b y  i n f r a r e d  a n a l y s e s  and L ' luorine i s  d i f f i c u l t  t o  assay by mass s p e c t r o s -  

copy o r  g a s  chromatographj  u n l e s s  t h e  sys tems a re  carcf  u l l j .  p a s s i v a t e d .  

The accuracy of t e m p e r d t u r e  measurements in t h e  dbove de te r in inn t ion - ,  

wa5 e s t i m a t e d  t o  be w i t h i n  i O . 2 " C  of t h e  r e p o r t e d  va lL tcs .  For  the  l a t e s t  

d e t e r m i n a t i o n  (-1 15.2"C),  a M u e l l e r  b r i d g e - p l a t i n u m  r ~ i i 5 t a n c e  thermometer  

n a s  used t o  measure t e m p e r a t u r e .  O t h e r  t e m p e r a t u r e  v a l u e s  were d e t e r m i n e d  

C y  c a l i b r a t e d  thermocouples .  

C r i t i c a l  C o n s t a n t s .  - Two independent  v a l u e s  01  he c r i t i c a l  temp- 

e r a t u r e  a r e  r e p o r t e d  by Anderson - _  e t  a l .  ( 2 )  as -58.0 ? 0 . 1 " C  and by 

Tliioliol-Denville ( 1 7 )  as -59 .7 -C, 0 .3OC. The f i r s t  i ~ i c L l l ( ~ ~ l  of  deter ininatLon 

i s  s t r a i g h t I o r w a r d ;  t h e  a u t h o r s  observed  the tempera Lure 01 app-lirance 

a i i c l  d i s a p p e a r a n c e  of a meniscus  i n  a s e a l e d  g l a s s  ca1 , i . j  l a r y .  T h e  l a t t e r '  

method employed a small s t a i n l e s s  s t e e l  bomb t o  c o n t a i n  t h e  l i q u i d  and 

g a s e o u s  OF These  a u t h o r s  de te rmined  t e m p e r a t u r e s  a t  . ~ l i i c h  d i s c o n t i n u -  

i t i e s  o c c u r r e d  i n  t h e  vapor  pressu i -e - tempera ture  curve' as a f u n c t i o n  01 

l i q u i d  mass i n  t h e  constant-volume a p p a r a t u s .  Low mass l o a d i n g  r e s u l t s  

i n  complete  e v a p o r a t i o n  01 t h e  l i q u i d  sa i i i p l e  below the c r i t i c a l  temper-  

a t u r e  and n b r e a k  i n  t h e  s t a n d a r d  vapor  p r e s s u r e  c u r v e ;  t h i s  brcrrli i s  

toward t h e  l o w  p r e s s u r e  s i d e .  A t  h i g h  mass l o a d i n g ,  t h c  l i q u i d  d o e s  n o t  

e v a p o r a t e  and, as the  c r i t i c a l  t e m p e r a t u r e  i s  approached ,  a s h a r p  I)reali 

toward extreme p r e s s u r e  i s  noted  i n  t h e  c o n s t a n t  volume. S e v e r n l  v a l u e s  

o f  t e m p e r a t u r e  a t  which t h e s e  b r e a k s  o c c u r r e d  were measured;  t h e s e  tenipera- 

t u r e s  w e r e  p l o t t e d  as a f u n c t i o n  of mass l o a d i n g  

T h i s  produced a p a i . a b o l i c  c u r v e  from which a maximum T = T , t h e  

c r i t i c a l  t e m p e r a t u r e ,  was o b t a i n e d .  A t  t h e  c r i t i c a l  t e m p e r a t u r e ,  t h e  

volume/mass was found t o  be 2 . 3 3  cc/g.  The p r e s s u r e  was 725 i 5 p s i a  

(49.5 a t m ) .  ( T h i s  r e p o r t  d i d  n o t  i n c l u d e  a c t u a l  measured v a l u e s ;  i t  

reproduced  o n l y  t h e  g r a p h s  used t o  o b t a i n  t h e s e  v a l u e s , )  T h e s e  are  t h e  

b e s t  v a l u e s  a v a i l a b l e  because  Anderson ( 2 )  est imated t h e  c r i t i c a l  voluiiie 

(1.81 cc /g )  by e x t r a p o l a t i o n  01 h i s  measured d e n s i t i e s  t o  T 

t h e  l a w  of  r e c t i l i n e a r  d i a m e t e r .  Using t h e  Die te r ic i  e q u a t i o n ,  he a l s o  

c a l c u l a t e d  P = 48.9 a t m .  

2 '  

volume = c o n s t a n t '  

nia s s P 
C 

a p p l y i n g  
C1 

c 

. 
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Heat of V a p o r i z a t i o n .  - The c a l c u l a t e d  v a l u e  ( C l a u s i u s - C l a p e y r o n - v a p o r  

p r e s s u r e )  of 2.650 kca l /molc  a t  -144.8'C ( 1 2 )  f o r  t h e  h e a t  of  v a p o r i z a t i o n  

o f  OF2 i s  wide ly  a c c e p t e d  and coinpares f 'avorably w i t h  t h e  most r e c e n t  

v,ilue of 2.66 kca l /mole  ( 1 7 ) .  T h e  v a l u e s  r e p o r t e d  i n  R e f e r e n c e s  10 and 

15 are i n  a s e n s e  v e r i f i e d  by the  s i m i l a r i t y  of t h e  vapor  p r e s s u r e  curve5  

d e t e r m i n e d  by S c h n i z l e i n  ( 1 4 ) .  The v a l u e  of 2.680 kca l /mole  i n  a p r o d u c t  

b u l l e t i n  (1) i s  a p p a r e n t l y  3 i n i sp r in t  which h a s  bccn p e r p e t u a t e d  by a t  

least  one r e v i e w e r  ( 5 ) .  

Heat o f  Format ion .  - A l i v e l y  i n t e r c h a n g e  of chenrical d a t a  and 

d i s c u s s i o n s  between Ruff arid Menzel (11) and Wartenburg and K l i n k o t t  ( 1 9 )  

led  t o  a r e - d e t e r m i n a t i o n  and r e - c a l c u l a t i o n  of  v a l u e s  I'or t h e  h e a t  of 

l o r m a t i o n  o f  OF (18, 1 3 )  and a i ' i n a l  a v e r a g e  of t h e i r  v a l u e s  as 7 i 2 

lical/mole (13) .  S u b s e q u e n t l y ,  t h e  same chemica l  d n L ; t  were a n a l y z e d  a t  

t!re N a t i o n a l  Bureau of S t a n d a r d s  w i t h  t h e  p u b l i s h e d  r e s u l t  01 7.6 i 2 

lical/mole ( 4 ) .  T h i o k o l  (17)  r e p o r t e d  t h a t  a n  expe r ime i i t a l  2 h would 

be d e t e r m i n e d  from t h e  h y p e r g o l i c  r e a c t i o n  o f  OF a n d  H i f  t h i s  

d e t e r m i n a t i o n  h a s  been made, i t  i s  n o t  found i n  t h e  open  l i t e r a t u r e .  

2 

I' 

2 2' 

A r e p o r t  by B i s b e e  ( 3 )  i i i d i c a t e s  t h a t  a new v a l u e  01 t h e  h e a t  of  

i o r m a t i o n ,  -4.06 lical/mole has o b t a i n e d  from t h e  r e a c t i o n :  

OF2 + 2H -+ H 0 + 2HF ( i n f i n i t e  d i l u t i o n )  
2 2 

T h i s  v a l u e  w a s  p robably  accepted  f o r  s e v e r a l  months as t h e  b e s t  v a l u e  

b e c a u s e  a s imi l a r  v a l u e  o f  -5 .2  kca l /mole  appeared  as a t e c h n i c a l  n o t e  

( Z 7 G - 1 )  i n  t h e  N a t i o n a l  Bureau of S t a n d a r d s '  " S e l e c t t d  V a l u e s  of  Chemical 

Thermodynamic P r o p e r t i e s  ." However, t h e  Bureau o f  S t a n d a r d s  ( 8 )  re- 

d e t e r m i n e d  t h e  v a l u e  and found i t  t o  be 5.86 z 0.03 lical/mole.  The new 

v a l u e  was o b t a i n e d  by de termining  t h e  h e a t  of  r e a c t i o n  of H w i t h  OF 

F2,  and 0 

of ea r l i e r  work i s  i n c l u d e d  i n  t h i s  r e p o r t .  

2 '  2 
and a g r e e s  w i t h  t h e  e a r l i e r  p l u s  v a l u e s .  A c r i t i c a l  r e v i e w  

2 '  

Thermal  C o n d u c t i v i t y .  - The t h e r m a l  c o n d u c t i v i t y  was measured a t  

-195.8OC and a t  -183OC (17)  and w a s  found t o  be an  a v e r a g e  (3  d e t e r m i -  

n a t i o n s )  of 0.00058 and 0.0006 cal /sec/cm /'C/cm, r e s p e c t i v e l y ,  a t  t h e  

t w o  t e m p e r a t u r e s .  

2 
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Vapor P r e s s u r e  . 
O r i g i n a l  d a t a  l o r  vapor  p r e s s u r e  v s  t e m p e r a t u r e  are summarized i n  

T a b l e s  2 ,  3 ,  4 ,  and 5 .  F o r  compara t ive  pu rposes ,  t h e  d a t a  are  p l o t t e d  

i n  F i g u r e  1. I t  i s  immedia te ly  e v i d e n t  t h a t  t h e  c u r v c s  f o r  98.570 o r  

99.8% OF2 (11, 1 2 )  do n o t  vai'y s i g n i f i c a n t l y .  

t h a t  t h e  more r e c e n t  da t a  l o r  99.8% OF 

on e i t h e r  of t he  two c u r v e s  i n  t h e  r e g i o n  78'-110°K, l i n a l l y  o v e r l a p p i n g  

t h e  p r i o r  99.8% c u r v e  i n  t h e  r e g i o n  1 1 O 0 - 1 3 O 0 K .  

vapor  p r e s s u r e  were r e p e a t e d  on r e - d i s t i l l e d  p o r t i o n s  o f  OF hence ,  

t h e  a u t h o r s  i n s i s t  t h a t  a l l  errors are  l a r g e l y  a t t r i b u t a b l e  t o  c a l i b r a t i o n  

01 thermocouple and o t h e r  irieasitring d e v i c e s ,  b u t  t h c  p o s s i b i l i t y  o f  oxygen 

i m p u r i t i e s  s t i l l  cannot  be e l i m i n a t e d .  The d e t e r m i n a t i o n s  by T h i o k o l  ( 1 7 )  

were made wi th  p la t inum r e s i s t a n c e  thermometers and a rc  r e p o r t e d  t o  be 

w i t h i n  N .2OC a c c u r a c y .  

- 

I t  i s  i n t e r e s t i n g  t o  n o t e  

(14)  and 99.6$ OF (17)  f a l l s  
2 2 

A l l  d e t e r m i n a t i o n s  of 

2 '  

D e n  s i t y 

O r i g i n a l  d a t a  on t h e  v a r i a t i o n  o f  t h e  d e n s i t y  01 l i q u i d  OF w i t h  
2 

t e m p e r a t u r e  are  g i v e n  i n  T a b l e s  6 ,  7 ,  and 8 and are  p l o t t e d  i n  F i g u r e  2 .  

Although t h e  d a t a  01 Anderson e t  a l .  ( 2 )  are  more r e c e n t  t h a n  t h a t  of 

Ruff and Menzel ( 1 2 ) ,  t h e  r a n g e  covered  i s  e x t r e m e l y  narrow and n o t  as 

amenable t o  e x t r a p o l a t i o n .  F u r t h e r ,  t h e  d a t a  of  Ruff and Menzel were 

o b t a i n e d  d i r e c t l y  by pycnometer r e a d i n g s ,  whereas  t h a t  of Anderson e t  a l .  

were o b t a i n e d  by an i n d i r e c t  f l o t a t i o n  method. The d a t a  r e p o r t e d  by 

T h i o k o l  ( 1 7 )  were a l so  o b t a i n e d  by a pycnometr ic  method and are  i n  

e x c e l l e n t  agreement w i t h  t h a t  of Ruff and Menzel ( 1 2 )  o v e r  t h e  range  

1 3 O 0 - 1 1 O 0 K ,  d e v i a t i n g  t o  about  0.5% h i g h e r  v a l u e s  a t  8 0 ' K .  

A v a l u e  o f  1 .65 g / c c  a t  -190'C ( 8 3 ' K )  f o r  OF2 ( T a b l e  7 )  was s e l e c t e d  

by t h e  e d i t o r s  of t h e  Handbook ( 6 ) ;  t h i s  v a l u e  was f i r s t  r e p o r t e d  i n  

1930 f o r  98.5s  OF2 by Ruff and Menzel (11), b u t  r e v i s e d  i n  1931 by t h e s e  

a u t h o r s  ( 1 2 ) .  Thus,  t h e  Handbooli f i g u r e s  m u s t  be i g n o r e d .  

No i n f o i m a t i o n  w a s  found on  t h e  d e t e r m i n a t i o n  of d e n s i t i e s  under  

p r e s s u r e .  I t  i s  recommended t h a t  PVT measurements be made t o  o b t a i n  t h e  

d e n s i t y  m a t r i x  between 14.6 and 800 p s i a  a t  t e m p e r a t u r e s  between -144.9' 

and -62OC. 
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V i  s co s i  t y  

The f i r s t  r e f e r e n c e  on  t h e  v i s c o s i t y  of  OF ( 2 )  c o v e r s  a very  narrow 2 
r ange  of  t e m p e r a t u r e  n e a r  t h e  b o i l i n g  p o i n t .  These  d a t a  are summarized 

i n  T a b l e  10 and p l o t t e d  i n  F i g u r e  3 .  The da t a  have  been e x t r a p o l a t e d  

by S t r e n g  (15) t o  300’K (as 168 pp) .  More r e c e n t  d a t a  ( 1 7 )  are summarized 

i n  T a b l e  11 and a l s o  p l o t t e d  i n  F i g u r e  3 .  

S u r f  ace Tens ion  

N o  d a t a  were found on t h e  s u r f a c e  t e n s i o n  of  l i q u i d  OF The impor- 
2 ‘  

t a n c e  of  t h i s  v a l u e  i n  e s t i m a t i n g  e x p u l s i o n  and s t o r a g e  p a r a m e t e r s  i n  a 

g r a v i t y - f r e e  environment  d ic ta tes  t h e  need f o r  i t s  d e t e r m i n a t i o n .  

The rmody nami c F u n c t i o n s  

The b e h a v i o r  of v a r i o u s  thermodynamic f u n c t i o n s  01 l i q u i d  OF, w i t h  
I 

t en ipe ra tu re ,  c a l c u l a t e d  f roin s p e c t r o s c o p i c  d a t a ,  i s  i l l u s t r a t e d  i n  

T a b l e s  1 2  and 13. The da ta  i n  Table  1 2  ( 4 ,  7 )  have  been wide ly  c i r c u l a t e d  

and are  c o n s i d e r e d  t h e  m o s t  a c c e p t a b l e  u n t i l  a c t u a l  e x p e r i m e n t a l  d a t a  

may be d e r i v e d ;  t h e  d a t a  i n  Table  13 (8)  i l l u s t r a t e  agreement  of ca l cu -  

l a t i o n s  from s p e c t r o s c o p i c  d a t a .  The v a l u e s  i n  T a b l e  14  f o r  e x p e r i m e n t a l l y  

d e t e r m i n e d  h e a t  c a p a c i t i e s  of OF o v e r  t h e  r e g i o n  82’-198’K(16) are  a t  

wide v a r i a n c e  w i t h  t h a t  f o r m e r l y  a c c e p t e d .  Thus,  i t  i s  sugges t ed  t h a t  

m o r e  e x p e r i m e n t a l  work be  performed on t h e  d e t e r m i n a t i o n  of  t h e  h e a t  

c a p a c i t y  of  OF 

2 

2 ’  
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T a b l e  1 

SllhlhlARY 01 G I N E H A I .  PROI'EItIIES OF L I Q I I I D  OF, 

JlclLiiig Po in t  

I h i t  l i n g  I'oint 

Cr i t i  c a  1 'Iempc r a t t i r e  

( k i  L ica l  P r e s s u r e  

( : r i t i c a l  I k n s i t y  

( : r i t i c a l  V o l u m e  

I l r a t  of' V a p o r i z a t i o n  

l ' r o u t o n ' s  Cons tan t  

l l ea t  of  Format ion  

VA1.IIlS 

3 .  (1 k c a l  /mol e 

11 k c a l  'mole 

9.0 k c a l l m o l e  

7 t 2 k c a l  mole 

7 . 0  t 2 k c a l  / m o l e  

-5 .  00 k c a l  'inole 

5.80 i 0 . 0 3  k c a l  'mole 

H E h l A H K h  

expe r  i n l e i i t  a 1 

c a 1 r11 I a t e d  

exlierirneiit a l  

c a l c u l a t e d  

e r p e r i m e n t d  1 

c x t r ap o I a 1. ed 

r x p e r  i men ta l  

r a  1 c II 1 i t  t c d  

e x p e r  i m e n  t a I 

( a p p a r e n t  m i s I i r i n t )  

c h e m i c a l  d a t a  

chemica l  d a t a  

chemica l  d a t a  

cliernical  d a t a  

computed  from (9) arid (10)  

coinpit t ed 

c h e m i c a l  d a t a  

i1ef. 
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T a b l e  2 

VAPOH I’RESSIIRE OF I . IQUID OF,, ( H e f .  I 1  ) *  

TEMI’EHA’IURE 

(> K “c 

81 . ( I  -191 .5  
8 9 . h  -183 .5  

105 .  1 -108 
110. I - 1 (1 3 

V A POR T E M P E H A T U R E  VAPOR 
I’HES S U R E  

mm 
I’KES S UHE 

m m O K  ‘jc 
3 . 2  112.1  -1hl 211 .9  

12.d l l h .  1 -157 280. 4 
93.2 1 2 2 . 0  -150. 5 .;It:. 0 

1 b 9 . i  1 2 5 . 1  -148 r102.h 

* 98.5% pur i t  y 

5 7 8 .  0.1. 

1’% 
l o g  1) = 7 . 3 8 9 2  - - 

111 ni 

(’ I( 

80.9  
8 2 . 9  
84.  i 
8 5 . 4  
87 .9  

91.2 
01.. 0 
95.9 
98 .1  

100.1 

101 .8  
103 .4  
104 .9  
10b .3  
109 .8  

“C 

- IO2 . 2  
-1 00.2 

-188 .8  
-187.7 
-185.2 

-181.9 
-179.1 
-177.2 
-175.0 
-173.0 

-171 .3  
-169.7 
-1618.2 
- lbt1 . 8 
- lo 3 .3  

VAPOR 
PR E S SURE 

rnrn 

I . o  
2.b  
‘3 . 3 

.t.2 
b . 3  

10.9 
1 7 . 2  
.I ‘1 9 
30.8  
--. 

.41.3 

50.1. 
h2 .? 
7fI. lJ 

89.1.1 
I :34. 0 

TEMPI 

O K  

110.h 

112.: 
1 1 h . 7  
1 1 8 . 4  
120.  b 

121.9 
1 2 3 . 4  
123.8 
1 2 4 . 3  
125 .2  

125 .4  
1 2 b .  3 
1 2 7 . 0  
1 2 7 . 9  
128 .1  

-- 
4 T U R E  

O C  

- 1 h 2 . 5  

- 1 5 t ) A  

- 1  54.7  
-152 .5  

- 1lJ 0. 5 

-151 .2  
-149.7 
-149 .3  
- 1 .I8 .8 
-147 .9  

-1 1.7.7 
-14b .8  
-14h. 1 
-1 15.2 
-115 .0  

VAPOH 
P R E S S U R E  

mm 

145 .0  
180. .I 
2711.2 
3 1 h . 7 
393.5  

439 .5  
501 .0 
521.8 
5 1.6. 1. 
5q8.2  

,598.2 
64b. 9 
h80.9  
7 M . l  
7 3 7 . 9  

9 



TE hl P I  I3 A ' l l  ' t i  E 

"li 

4 I .8 

7 CI . 3 
8 1 . 1  
83 .  I 
87 . , i  

87 . I 7  

88 .2  
9 1 . ~5 
01. ( 1  

02 . :3 
03  . 3 

(13 .2 
93.9 
9 1 . 1  
95. 1 

1 0 0 . 5  
103 . b 

- -- 
-- 
( 1 .  

-1(15. 1 
- I C J 5 .  3 
- 1 9:i . 0 

-1CJ2. I 
- 190.1  
- 1 8 i . 7  

-185.(1 
-184.0 
-181 .7  
-181.3 
- 18 0 . 'I 

- 1 '; 9 . 9 

-170 .8  
-170.:3 
-178 .1  
- 1 7 8 . 1  
-172.7 
- l b 9 .  11 

TEblP 

O K  

90 .80  
93 .58  
94.  18 
90.30 
98 .11  

100. 8 2  
10:3 . 55 
107.2u 
109.  0 1  

11Cl.83 
11.1 . 5 1  - 

" K  

1 0 . 3 ,  tl 

1o:i . 7 
1 (l,3 . 7 
103 . 7 
11 0. I:) 
11 0. I 1  

1 1 5 . 9  
1 1 0 . 2  
121 .2  
1 2 1 . 2  
1'1.8 
121.8 

1'2.0 
121.8 
125 .3  
1 2 7 . 2  
1 2 7  . (4  

' 'C 
~ 

-1h9.h 
- l O ( J .  5 
- 1 i l C ) .  5 
-100 .  i 

-1h3 .2  
- 1h1 . 2 

-157 .3  
- 1  57. :3 
- 1 52 . 0 
-152 .0  
- 1 5 1 . 1  
-151 .  I. 

-151 .2  
- I  1.8.1 
-1 I .7 .0  
- 1 Ill . 0 
-115 .3  

l a b l e  5 

VAPOR PREShIIRE OF 1,IQLID OF,  ( R e f .  17 1 

581 .  1 0  

'1 O K  

Ijmm = 7 . 1 1 9 9  - - 
IATUHK 

O C  

- :82 .28  
-179 .58  
-178 . h 8  

-176 .86  
-17 5. OS 

- I 7 2 .  :3 1- 
-lli(J. 0 1 
- 11) 5 . 0 1 1  

-1Id.  2 2  
- 1 il1. ,3 1 
-158.115 

10 .  1. 
15.5 
1 8 . 5  
2 5 . 0  
:31.7 

TE 21 I 

O K  

115.31. 
1 18 . 1 L l  

120.  0 i 
1 2 0 . 1 8  
120 .94  

I:\ I C  t i  I.: 

O c 

-157 .72  
- 15.1.. 07 
-13:3.1.3 
-152 .08  
- 1 5 2 . 2 2  

- I  I ( J .  $5 
- 1,l.U. 52 
- 1 Ill . b 8 
- 1-1.5 . 711 

-1.I5.:3I:l 
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'Tali 1 e 6 

I)E:ILbl'lY 01 1,IQliII) OFp ( R e f .  1 % )  

TEhlPERATURE 

O K  

126 
8 3  
81  
75 

73  
70 
4 9 . 4  

O C  

-147 
-190 
-192 
- 198 

- 200 
- 2 0 3  
-223 .8  

1 . 5 4  
1 . 7 4  
1 .;s 
1 . 7 8  

1 . 7 9  
1.80 
1 , 9 0  ( e x t . )  

EQU.AT ION 

d ,  ' q  = 2 .  135 - 0.0040957'"K 

' l a t > l e  7 

I)lNS1'lY 01 l,IQllI1) OF, ( R e f .  2 )  

TEY 

O K  

1 9 7 . 9  
1 2 5 . 9  
1 2 5 . 3  
1 2 3 . 1  

1 2 2 . 7  
117 .9  
1 1 7 . 3  

\-r,xgC 1 
- 1 4 5 . 3  
- 147 . 3 
-15;. 7 
-1.50. I 

- 1 5 0 . 5  
- 1 5 5 . 3  
- 1 5 5 . 9  

1 .521  ( e x t . )  
I .  52R 
1 .531  
1 .538  

1 547 
I . 5t)9 
I .  573  

EQUATION 

T a b l e  8 

I)ENSL'TY 01.' l , I Q l l I l ~  OF ,  ( R e f .  b )  

83  - 19 0 1 . b 5  ( f rom Ref .  9:  98.57; p u r i t ) )  I I 
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77 . $0 
00. t i8  
9 1 . 7 8  
91. 10 

0 5 .  1.0 

9 7 . 2 1  
99. 0 2  

1 0 1 . 7 1 .  

105.  38 
l o b .  29 
109. 0 1 

110.81, 

111. 12 
11$ .4L 
119.11  
1 2 0 . 0 3  
1 2 4 . 6 4  

-105.  70 
-182.28 
- 18 I .38 
- 17 8 .  b 7  

-177 .  7(1 

-175.95 
-17 I. 1.1 
-1; I .  1 2  

-1b7 .78  
-1ot1.  87 
- 1 t l 3 . 2 2  
-1b2. 30 

- I 58. (1-1. 

-15;. 72 
- 1 5 4 . 0 5  
-143 .13  
-148 .52  

1 .770  
I . 7 00 
I .  i o 0  

1 . b o 5  

1 . l,88 
I . t I 8 1  
I .  0 7 2  
I .  b 5 9  

1. tI 12 
1 b35  

1 . b 1 9  
1 . 0 1 1  

1 .508  
1 .592  
I ,  5:tj 
1 . 5 7 0  
1. 5.1.t) 
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. 

TE\ IPER! \TUHE 

O K  O c 

77. 5 -195.7 
90.2 -183.0 
93.0 -180.2 
95.4 -177.8 
99.1 - 174. 1 

103. 6 - lb9.0 
108.2 -1b5.0 
112.7 - ltl0. 5 
117.4 -155.8 

T a b l e  10 

VISCOSITY OF L I Q U I D  O F 2  ( R e f .  2 )  

D E N S I T Y ,  V I S C O S I T Y .  E Q C A T I O F ;  
c' c c  " P  

1.770 1.004 
1 711 0.054 
1.700 0. 572 
I .  088 0.522 
1 009 0.470 

1.647 0.422 
1.025 0.376 
1. 004 0.344 
1.581 0.323 

11'. 4 
I O R  r; = - - 1.4508 

T O K  

I EhlP EH A T U  HE 

127 .9  
127.4 
120.0 
125.8 

125.7 
125.3 
124.5 
124.4 

122.0 
122.4 
122.2 
1'2.1 

121.9 
121 7 
121.2 
120.4 

O C  

-145.3 
-145.8 
-147.2 
-147.4 

-147.5 
-147.9 
-148.7 
-148.8 

-150.0 
-150.8 
-151.0 
-151. i 

-151.3 
-151.5 
-152.0 
-152.8 

V I S C O S I T Y ,  
C P  

0 .2820  ( e x t . )  

0.2852 
0.2937 
0.2933 

0.2962 
0.2998 
0. 3014 
0.3024 

0.3140 
0.3129 
0.3134 
0. j i 7 6  

0.317 1 
0.3188 
0.3227 
0.3259 

EQU AT 10% 

131.5 
l o g  7j = - - I .  57b8 

'1°K 

l a b l e  11 

VISCOSITY OF' LIQUID OF, ( R e f .  17) 
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"K 

n ? .  1 
8 2 . 2  
8 2 . 2  
8 3 . 9  

1 0 0 . 0  
l ( l l  7 
101 8 
1 0 . 9  

11;. 1 
1 1 7 .  1 
1 I H .  2 
1 2 - l . 7  
1 2 0 .  1 

-191 .1  
-191 .0  
-191 .0  
- 1 8 9 . 3  

- 1 7 3 . 2  
- 1 7 1 . 5  
-171 4 
- 1 7 0 . 3  

-15b. 1 
- 1 5 5 . 8  
- 1 5 i . U  
-1-1;. 5 
-14:. 1 

17.820 
1;. ,490 
l i . b . 5 8  
17 . i I 58  

18.090 
17 .928  
I S .  14.1. 

18.090 

18 .198  
18.1?8 
18.  3 t lU  

1 8 .  ,414 
18.738 

TEMPEH ATL HE 
~ 

"K 

126.5 
1 9 8 . 9  
1 3 8 . 5  
1 3 9 . 2  

1'10.9 
1 4 3 . 1  
1 5 9 . 2  
l b 0 . 3  

1 6 3 . 1  
1 9 5 . 2  
1 9 3 . 9  
lC17. I 
197.9 

O C  

.- 146 . 7 
-118.3 
-134 .7  
-131.0 

- 1 3 2 . 3  
-130 .1  
-114 .0  
-112 .9  

- 1 1 0 . 1  
-78 .0  
- ,  , . 3  
- 7 b .  1 
- 7 5 . 3  

- -  

i n .  5 2 2  
18. b30 
18 .084  
18.84b 

18.738 
I 8  . b3U 

19. i l t12 

I ? .  4-10 

1 9 . 2 7 8  
19 .818  
19.92t)  
19 .980  
2 u .  I 12 

1 4  
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DATA OF SCHNIZLEIN  e t  01 
( R e f .  14)  

( Ref .  I 1  

( Ref .  12) 

0 DATA OF RUFF AND MENZEL 

0 DATA OF RUFF AND M E N Z E L  

40 60 80 I O 0  I20 I40 I60 
TEMPERATURE - O K  

TB-6063-21 

FIG. 1 VAPOR PRESSURE OF LIQUID OF, 
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1.9 

I 
t 1.7 
t- 
v) z 
W 
n 

1.6 

I .5 
I 

A DATA OF ANDERSON e t  al (Ref. 2) 
0 DATA OF THIOKOL-DENVILLE 

0 DATA OF R U F F  AND M E N Z E L  
( Ref.  12) 

30 I20 I IO IO0 90 80 70 60 50 40 

TEMPERATURE --OK TA-6063-22  

FIG. 2 DENSITY OF LIQUID OF, 
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0 
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0 
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0.6 

E 

I I I 1 I 

0.5 

0.4 

0.3 

I 
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111. PHYSICAL PROPERTIES O F  L I Q U I D  DIBOIWNE 

R e v i e w s  and/or  c o m p i l a t i o n s  of d a t a  on t h e  p h y s i c a l  p r o p e r t i e s  of 

B , H  a r e  p rov ided  by C a l l e r y  Chemical ( l ) ,  Mook (t)), Smith ( 1 5 ) ,  and 

S tock  and Kuss ( 1 7 ) .  

i n a t i o n  and comparison of p rocedures  and v a l u e s  a s  d e s c r i b e d  i n  pr imary  

r e f e r e n c e s .  

2 6  
The d i s c u s s i o n s  g i v e n  below a r e  t h e  r e s u l t  o f  exam- 

Genera l  P r o D e r t i e s  

Summarized i n  T a b l e  1 5  a r e  pub l i shed  v a l u e s  for v a r i o u s  g e n e r a l  

p r o p e r t i e s  of l i q u i d  d i b o r a n e  (B H ) .  2 6  

M e l t i n g  P o i n t .  - The m e l t i n g  p o i n t  v a l u e  of 108.3OoIi (-164.86OC) 

i s  c o n s i d e r e d  t o  be v a l i d  s i n c e  i t  w a s  measured independen t ly  i n  1953 

and i n  1956 by d i f f e r e n t  workers  ( 2 ,  1 9 )  on m a t e r i a l  de t e rmined  t o  be 

99 .94% p u r i t y ,  u s i n g  r i g i d l y - c a l i b r a t e d  thermocouples .  

The m e l t i n g  p o i n t  of  -165.5OC (107.7'K) p u b l i s h e d  i n  a Handbook ( 6 ) ,  

a s u p p l i e r ' s  b rochure  ( l) ,  and a t e x t  (16)  undoubtedly  i s  t h e  v a l u e  ob- 

t a i n e d  by Stock  and Kuss i n  1923 (17)  on m a t e r i a l  of " r e g a l "  p u r i t y ,  

u s i n g  a methane thermometer.  The p u r i t y  of m a t e r i a l  i s  n o t  q u e s t i o n e d  

a s  much a s  t h e  c a l i b r a t i o n  of  t h e  thermometer .  

B o i l i n g  P o i n t .  - A s  shown i n  T a b l e  1 5 ,  t h e r e  i s  on ly  about  0.270 

d e v i a t i o n  i n  t h e  expe r imen ta l ly -de te rmined  v a l u e s  f o r  t h e  b o i l i n g  p o i n t  

of d i b o r a n e .  An ave rage  of t h e  f o u r  most comparable  v a l u e s  (10, 1 4 ,  1 7 ,  

19)  i s  180.65'K (-92,53'C), i n  agreement w i t h  t h e  v a l u e  de t e rmined  by 

Wir th  and Palmer ( 1 9 ) .  

H e a t  of V a p o r i z a t i o n .  - The h e a t  of v a p o r i z a t i o n  of' d i b o r a n e  was 

c a l c u l a t e d  from vapor  p r e s s u r e  d a t a  t o  be 3.405 and 3.413 kcal /mol  by 

independen t  workers  (12,  1 9 ) ;  an  ave rage  v a l u e  of 3.422 kca l /mol  was ob- 

t a i n e d  by c a l o r i m e t r i c  d e t e r m i n a t i o n s  ( 2 ) .  I n  v iew of the small d i f f e r -  

e n c e s  i n  r e p o r t e d  v a l u e s ,  an average  f i g u r e  of 3 .413  kcal /mol  seems 

a p p r o p r i a t e .  
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Heat o f  Formation.  - The hea t  of f o r m a t i o n  of d i b o r a n e  s e l e c t e d  by 

a s u p p l i e r  as  7 .53 kcal /mol  (1) is based  on  a r e p o r t  i s s u e d  i n  1955 and 

concerned  wi th  t h e  e s t i m a t i o n  of h e a t s  o f  combust ion 01 organoboranes .  

A t  t h i s  t i m e ,  

p u b l i s h e d  i n  1958 (13)  appea r s  t o  be  more a c c u r a t e .  

+44 kcal /mol  ( i n  1937) and -26 kcal /mol  ( i n  1949) have no t  been i n c l u d e d  

i n  t h e  t a b u l a t e d  summary i n  v i e w  of t h e  near-agreement  of more r e c e n t  

v a l u e s .  3 

t h e  expe r imen ta l ly -de te rmined  v a l u e  of 6 .73 kcal /mol  

[ E a r l i e r  v a l u e s  of 

C r i t i c a l  C o n s t a n t s .  - The c r i t i c a l  t e m p e r a t u r e  and p r e s s u r e  of d i -  

borane  w e r e  de te rmined  e x p e r i m e n t a l l y  ( 9 )  t o  be  16.7'C and 580 p s i a ,  

and have been accep ted  wide ly .  The c r i t i c a l  volume of 170 c c  was es t i -  

mated i n  o r d e r  t o  complete  a h e a t - c a p a c i t y  cu rve  f o r  l i q u i d  d i b o r a n e ,  

and was shown t o  be j u s t i f i e d  by t h e  smoothness  of t h e  h e a t - c a p a c i t y  

c u r v e  ( 1 4 ) .  

Dens i tv  

Dens i ty  v a l u e s  for l i q u i d  d i b o r a n e  as determined  e x p e r i m e n t a l l y  by 

s e v e r a l  workers  a r e  summarized i n  T a b l e s  1 6 ,  1 7 ,  and 18. The p l o t  of 

t h e i r  combined d a t a  shown i n  F i g u r e  4 i n d i c a t e s  e x c e l l e n t  agreement  and 

a smooth curve .  I t  is  s u g g e s t e d  t h a t  t h e  d a t a  of Smith and Miller (15)  

be used  f o r  computa t ions  s i n c e  i t  c o v e r s  t h e  e n t i r e  r ange  from 140' 

t o  260'K. 

The d a t a  g i v e n  i n  T a b l e  19 w e r e  p r e p a r e d  from a computer program (5) 

based on  d e n s i t i e s  c a l c u l a t e d  from pressure-volume- tempera ture  r e l a t i o n -  

s h i p s  (11). Comparison of t h i s  d a t a  p l o t  i n  F i g u r e  5 w i t h  t h a t  i n  

F i g u r e  4 r e v e a l s  t h a t  t h e  on ly  comparable  p o i n t  i s  around 200 'K .  A t  t h e  

lower t e m p e r a t u r e s ,  d e n s i t y  v a l u e s  a r e  much lower t h a n  shown i n  F i g u r e  4 

and a t  t h e  h i g h e r  t e m p e r a t u r e s ,  much h i g h e r .  Thus ,  t h i s  computed d a t a  

must be d i s r e g a r d e d  a t  t h i s  t i m e .  

C o m p r e s s i b i l i t y  

C o m p r e s s i b i l i t y  of  l i q u i d  d i b o r a n e  has  been d e r i v e d  (Tab le  20 and 

F i g u r e  6)  from PVT d a t a  by Smith (15) and de termined  d i r e c t l y  (Table  2 1  

and F i g u r e  7) b y  P a r i d o n  (11). C o m p r e s s i b i l i t i e s  from t h e  two s o u r c e s  
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a r e  i n  s h a r p  d i sag reemen t  and it appea r s  a t  f i r s t  t h a t  P a r i d o n ' s  work 

shou ld  be s e l e c t e d  as more complete and p r e c i s e .  G a l b r a i t h  (5) a c t u a l l y  

chose  P a r i d o n ' s  d a t a  (and o t h e r  s e l e c t e d  p h y s i c a l  p r o p e r t i e s )  t o  p r e p a r e  

a g e n e r a l  e q u a t i o n  o f  s t a t e  f o r  l i q u i d  and gaseous  d i b o r a n e .  However, 

t h e  d e n s i t y  d a t a  of Smith a g r e e s  w i t h  o t h e r  r e p o r t e d  d e n s i t i e s  and t h e  

s a t u r a t e d  d e n s i t y  v a l u e s  of Par idon  ( o b t a i n e d  by e x t r a p o l a t i o n  down t o  

t h e  vapor  p r e s s u r e )  do n o t .  

d i b o r a n e  f o r  h i s  s t u d i e s  t h a n  Smith and h i s  v a l u e s  a r e  r e p o r t e d  w i t h  

g r e a t e r  p r e c i s i o n .  H e  a l s o  had t h e  advan tage  of more modern h a n d l i n g  

t e c h n i q u e s  f o r  d i b o r a n e .  Other  p h y s i c a l  p r o p e r t y  d a t a  by Pa r idon  and 

co-workers (11, 12)  p u b l i s h e d  a t  about  t h e  same t i m e  a r e  i n  g e n e r a l  ag ree -  

ment w i t h  o t h e r  accep ted  pub l i shed  v a l u e s .  I t  i s  s u r p r i s i n g  t h a t  P a r i d o n ' s  

c o m p r e s s i b i l i t y  d a t a  have no t  been p u b l i s h e d  i n  t h e  t e c h n i c a l  j o u r n a l s .  

S i n c e  t h i s  d i s c r e p a n c y  e x i s t s ,  some independen t  c h e c k s ,  e s p e c i a l l y  at 

very  low and v e r y  h i g h  p r e s s u r e s  s h o u l d  be Inade. 

Pa r idon  used  much l a r g e r  q u a n t i t i e s  of  

V i s c o s i t y  

A l o g - p l o t  of t h e  v i s c o s i t y  of l i q u i d  d i b o r a n e  o v e r  t h e  range  145' 

t o  204'K ( 1 5 )  f o l l o w s  a s t r a i g h t  l i n e ,  a s  shown i n  F i g u r e  8 ,  s u g g e s t i n g  

t h a t  e x t r a p o l a t i o n  can  be performed o v e r  a s h o r t  r a n g e .  The raw d a t a  

and t h e  r e s u l t i n g  e q u a t i o n  a r e  g iven  i n  T a b l e  22.  

S u r f a c e  Tens ion  

The s u r f a c e  t e n s i o n  d a t a  g iven  i n  T a b l e  23 ( 7 )  form a smooth s t r a i g h t -  

l i n e  p l o t  ( F i g u r e  9 )  f o r  l i q u i d  d i b o r a n e  o v e r  t h e  r e g i o n  140' t o  165'K, 

and s h o u l d  c e r t a i n l y  be  amenable t o  e x t r a p o l a t i o n  ove r  t h e  l i q u i d  r ange .  

Of t h e  d a t a  g i v e n  i n  T a b l e  24 (15) ,  one p o i n t  l ies e x a c t l y  on t h i s  c u r v e  

( a t  151.6'K), b u t  a p o i n t  beyond t h e  b o i l i n g  p o i n t  i s  w e l l  away from a 

s t r a i g h t  l i n e  ( a t  203.5'K). 

Vapor P r e s s u r e  

The most common ground f o r  agreement  i n  t h e  measurement of t h e  

p h y s i c a l  p r o p e r t i e s  of l i q u i d  d ibo rane  l i es  i n  t h e  d e t e r m i n a t i o n  of t h e  

vapor  p r e s s u r e  cu rve .  Any of t h e  d a t a  summarized i n  Tab les  25 t o  30 can  

be  f i t t e d  w i t h  e x c e l l e n t  agreement t o  t h e  c u r v e  p l o t t e d  i n  F i g u r e  10. 
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The d a t a  of Wirth and Palmer (19) were s e l e c t e d  f o r  p r e s e n t a t i o n  i n  

g r a p h i c a l  form because  t h e y  a r e  r e p r e s e n t a t i v e  of a l l  e x p e r i m e n t e r ' s  work  

and because  they cover  comple te ly  t h e  r ange  of l i q u i d  d i b o r a n e  from 108' 

t o  180 'K .  

Heat C a p a c i t y ,  Molal  En t ropy ,  and Molal  Heat  Con ten t  

Values  f o r  t h e  h e a t  c a p a c i t y  of l i q u i d  d i b o r a n e  below t h e  b o i l i n g  

p o i n t  a r e  summarized i n  Tab le  31 ( 2 )  and t h o s e  o b t a i n e d  above t h e  b o i l i n g  

p o i n t  a r e  summarized i n  T a b l e  32 ( 1 4 ) .  By combining t h e s e  d a t a  f o r  t h e  

h e a t - c a p a c i t y  f u n c t i o n  ( F i g u r e  11), a smooth and v a l i d  c u r v e  i s  o b t a i n e d ,  

w i t h  e x c e l l e n t  agreement a t  t h e  o v e r l a p p i n g  t e m p e r a t u r e  r ange  of 170' 

t o  180 'K .  

Molal  en t ropy  and h e a t  c o n t e n t  from R i f k i n  (14)  a r e  reproduced  i n  

T a b l e  33. illore g e n e r a l  computer ized  t h e r m a l  f u n c t i o n s  have been eva lu -  

a t e d  (5) which cove r  r a n g e s  no t  measurable  because  O S  t h e  i n s t a b i l i t y  

of gaseous  d ibo rane  above -2O'C. 

N o  d a t a  were found on the rma l  c o n d u c t i v i t y  of l i q u i d  d i b o r a n e .  T h i s  

p robab ly  should be de t e rmined .  
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T a h l e  15 

SU?IIMAHY OF GENERAL PROPEHTI ES OF I. I J I I) I11 HOI<,\NE 

PROPERTIES 

M e l t i n g  P o i n t  

B o i l i n g  P o i n t  

Heat  o f  V a p o r i z a t i o n  

Heat  o f  Fo rma t ion  

C r i t i c a l  T e m p e r a t u r e  

C r i t i c a l  P r e s s u r e  

C r i t i c a l  Volume 

L ALCES 
~~ 

-1b4. 80uC,  108. 30°K 

- 1 t I 4 .  8h°C, 108. 30OK 

- l b 5 . 5 O C ,  107.7"K 
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-g2.bnc:, 180.b"k 
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-92.53O(:, 180.63OK 

-92 .S0C,  180.7"K 

3 . 4 2 2  l ica l /mole  0 180.32"K 

3 .413  kcal, /mole @ 180. (13% 

3 . 4 0 5  k c a l / m o l e  @ 1 8 U . b U u h  

3 . 4 1  kca l /mole  0 -92 .5"C  

b . 7 3  kca l /n io le  @ 25°C: 

7 . 5 3  k c a l  'rnole @ 2 5 O C  
~~ 

l b . 7 ° C ,  289.9"K 

581 p s i a ,  39 .5  a m .  

170 L C  
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Dl\rSI11 OF 121QLIl) DIHORA\E ( R e f .  7) 
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T a b l e  2 U  

COhlPRESSIRII.IT\ OF I , IQLID DIBORAiLE ( R e f .  1 5 )  
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0 .  . io  12 '7 ? n I -43 I ) .  ' j G r , 7  

0. ,4500 240 - 3 3  0 .  3,518 

0 . 43  99 250 -23 0 .3352  
0. 1288 260 -13 0 . 3 1 6 1  
0.1.174 270 - 3 0 . 2 9 2 6  
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\. I SCOSITY, 
m i  1 l i p o i s e s  

2 . 4 5  
2 . 3 1  
2 . 1 0  

1 . 7 7  
I .  00 
1 . 0 4  

T a b l e  2 2  

VISCOSllY OF 1 J Q U I D  DIHORANE ( R e f .  1 5 )  

VISCOSITY, 
oK oc m i i l l p o i s e  

1 9 8 . 8  -71..4 1.01. 
1 9 8 . 9  -74 .3  1 . 0 4  
1 9 8 . 9  - 7 4 . 3  1 . 0 2  

202 .3  -70.9 0 . 9 7 i  
203 .9  - 6 9 . 3  0 . 9 7 6  

TEMPERATURE 

TEMPERATURE 

O K  OC 

151.0  1 2 1 . 6  
2 0 3 . 5  - 6 9 . 7  

~~ ~~ ~ 

SURFACE TENSION, 
d y n e s ,  c m 2  

1 8 . 0  
1 0 . 9  

7 )  = 1 6 . 4 7 3 4 ( 1 0 - 6 ) d h t  - 2 5 9 1 . 8 ( 1 0 - 6 ) d h / t  

71 = v i s c o s i t y ,  p o l s e s  

d = d e n s i t y ,  g / c c  

h = m e a n  h e a d ,  crn 

t t i m e  o f  f l o w ,  s e c o n d s  

T a b l e  2 3  

SURFACE TENSlON OF LIQUID DIROHANE ( R e f .  7 )  
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160.7 
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-112 .5  
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1 9 . 9 4  
18 .32  
17 .51  

1 6 . 9 5  
16 .12  

l a h l e  22. 

SliRFKE TENSION OF L I Q ~ ~ I D  
DIHORAhE ( R e f .  1 5 )  
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I 
I O U .  2" I I011 . 37 
1 O B .  7 0  
I I:\. 0; 

1 1 5 . 1 0  
1 1 7 .80 
I I O .  9U 

1 2 4. . 4 0 

11. 58 
I .  2 0  

1.118 

2 . 5 9  

:i . .Ah 

( I .  34 

1:iI . 8 1  
1:35.12 

14.0. 00 
1 4 0 .  1 I 
1 15. 03 
1/17. 00 

"(: 

- 1 c1.8 . 1 1. 
-143 .  I 1 
-11.1.35 
-1:38.0 I 

- - 1 3 : 3  . 15 
-132.89  
-128.1'3 
-l'o.lf> 

~~~ - 

vwon 
I'I~ESSUIII', 

0 . 7 6  
12 .74  
15 . ( 1 0  

'39 

3 7 . 3 8  
37 .55  
(10.0 t 
7 1 . 9 9  

111 in 

- - .  , 

- I 2 3 . 1 :3 170.  01 
-1 IO . 00 1.3 0. 49 1 7 2 . 9 0  
-177.11)  I L l . . l . ~ l  1 7 5 . 0.1. 
- I  1 3 . 1 1 1  2 0 1 . 8 1  178 .87  

- 1 1 2 . 7 1  " 1 1 . 0 2  I ;!I. 9 1 
- 1 0 8 . (i 2 2 0 1. . i 5 180. f1f) 

- 1 O O . " l 1  :3 ,3  1 .  01 

0:3  . 2 8 -130 .15  
- 1 0 0 . 0  6 
- 08 . 12  
- 9 1 . 2 0  

405. 89 
,485.57 
552.05  
1188.25 

I'IIEhSURE, PRESSURE, 

-1 43 1 7 . 7 0 7  100 -113  
-133 3 7 .  ,392 170  -103  
-1 '3 (l.1. 358 - 98 

182 - 91 818.90 
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O K  

1 1 1 . 7 8  

116 .20  

1 2 3 . 5 0  

120 .  2.9 

1 5 4 . 1 5  

1 7 3 . 1 5  

1 7 5 . 6 5  

T a b l e  27 

VAPOR PRESSURE OF L I Q U I D  DIBORANE ( R e f .  1 8 )  

O C  

-161 .38  

-156 .96  

-149 .66  

-132 .67  

-119 .01  

-100 .01  

-95 .51  

TEMP ER ATU R E  

VAPOR 
PRESSIIRE. 

rnrn 

VAPOR 
PRESSURE, 

rnrn 

EQUATION 

260 

267 

298 

340 

41 6 

TEMPERATURE 

1 7 5 . 1  - 9 8 . 1  

178 .7  - 9 4 . 5  

VAPOR 
PRESSURE, 

m m  

472 

557 

599 

674 

755 

T a b l e  28  

VAPOR PRISSURb: OF LTQUID DIROHANE ( R e f  2 ) 

VAPOR 1 
PRESSURE, EQUATION 

2 . 3 1  
‘ ‘ I 6  I 

T a b l e  29 

VAPOR PHESSljHE OF LIQUID DIBORANE ( R e f .  11)  

I TEMPERATURE 

1 5 1 . 2 3  -121 .93  

1 6 0 . 3 9  -112 .77  

169 .92  -103 .24  tt 1 8 0 . 6 4  -92 .52  

598 .30  
T 

l o g  P a t m  = 3 . 8 2 6 2  -- 104.50 

211.81  

404. io 

761 .  Y O  
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118 .2  
1 2 1 . 0  
1 2 i : j  

1 2 7 . 0  
128.R 

1 :3 0 . 0 

131. 1 
132 . 0 
1:33 . i l  

H 5 . 2  

13il .; 
1 3 8 .  3 
13(J .  ? 
I3(I.fi 
1 L I J  

11-2.1) 
142 .7  
11.-L.8 
115.' 

1411 . o  
1 1; . 0 

2 . 7  
1 . 1  

1 1 .  . I  

t1 . 8 
1 1 . 0  

K3.8 
1 5 . 0  

l i l .  0 

18.8  
> >  - 

1 

? ( I  .8 
:?I .8 
:3h . i l  

'30. 0 

12.8 

1.;. 8 
'48.9 
i o .  (1  

(12. I 
7 0 .  8 
-3. i 

"li 

14 f j  . I 
1 I'J. 2 
I -i ' I .  7 
150.9  
I 5 2  . '3 

1 ,5tl . 2 
158. 1 
1 ,i 9 . 7 
1111 .~1 .  

I l l  ' 3 .  I1  

111.1. .; 
Ihll . 0 

l i l y .  8 
1 ( I ( ] .  8 
1 7 1 . 1  

1;:i.2 
1 7 5 . 1  
1 7 7 . 1  
178 .3  
178 .5  
1 7 0 . 3  
180.8 

- 1 2 5 . 1  
-121..(l 
- 1 2 ,'I . .; 
- 1 2 2 . 3  
- 1 2 0 . 0 

- 1 1 7 . 0  
- 1 1.1.. x 
- 1 13 . 5 
- I 1  1 . 8  
- 1 1 0 . 2  

- 1 08. 5 
- 107 .2  
-105 .1  
- 103. ,4 
-LO'. I 

- I ( i ( l .  ( 1  

- 08. 1 
- Of,. 1 
- 95.9  
- 9.1. . 3 
- 95. 0 

- 9?..1 
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t 

O K  

1 1 2 . 8 6  
1 1 4 . 0 0  
115 .27  
1 1 8 . 7 5  

1 2 3 . 9 3  
126.  23 
1 3 2 . 9 3  
1 3 8 . 3 2  

T a b l e  3 1  

HEAT CAPACITY OF L I Q U I D  DIBORANE ( R e f .  2 )  

OC 

-160.30 
-159 .16  
-157 .89  
-154 .41  

-149 .13  
-146 .93  
- 1 4 0 . 2 3  
-134 .84  

HEAT CAPACITY, 
c a l / m o l  e / d e g  

18.  18 
1 8 . 1 8  
1 8 . 0 8  
1 8 . 0 8  

1 8 . 0 2  
1 8 .  0! 
1 7 . 9 7  
1 8 . 0 1  

11 TEMPERATURE 

O K  

1 4 2 . 4 5  
1 4 6 . 6 2  
1 5 2 . 0 8  
1 5 8 . 6 1  

1 6 5 . 4 2  
1 5 5 . 2 3  
170 .95  
1 7 6 . 7 2  

-1JU. 71 
-126 .54  
-1 2 1 . 0 8  
-1 1 4 . 5 5  

-107 .72  
-196 .93  
-102 .11  

- 9 6 . 4 4  

HEAT CAPACITY, 
c a l / m o l e / d e g  

1 7 . 9 8  
1 8 . 0 9  
18. 02 
18.  18 

1 8 . 2 0  
1 8 . 2 1  
18.  21 
18.  38 

T a b l e  32 

HEAT CAPACITY OF SA'TlJRATED LIQllID DTBOHANE ( R p f  1 4 )  

I TEMPEHATUHE I 

234 .87  
1 8 . 9 4  2 4 5 . 6 4  
1 9 . 3 5  2 5 5 . 6 4  
1 9 . 7 6  263.11. 

LTUHE 

- 2 7 . 5 2  
- 1 7 . 5 2  
- 1 0 . 0 2  

HEAT CAPACITY, 
c a l / m o l e / d e g  

2 0 . 3 3  
2 1 . 2 3  
2 2 . 5 2  
2 4 . 0 9  
2 6 . 0 0  

T a b l e  3 3  

MOLAL ENTROPY AND W L A L  HEAT CONTENT 
FUR L!QUID DIBORANE 

UNDER ITS SATURATED \IAPOR PRESSIRE 
(Ref .  1 4 )  

I TEMPERATURE 

1 8 0 . 6 8  

2 40 

260 

- 9 2 . 4 8  
-8 3 
-7 3 
-63 
-53  

-43 
-33 
-23 
-13 

- 3  

s - S" '  
c a1 / m o l  e / d e g  

3 0 . 5 7  
3 1 . 5 8  
3 2 . 5 6  
3 3 . 5 0  
34.4,3 

3 5 . 3 3  
3 6 . 2 4  
3 7 . 1 5  
3 8 . 1 0  
3 9 . 1 0  

3115 
3190 
3482 
3578  
3880 

4089 
4313 
4538 
4788 
5066 
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I V .  RECOMMENDATIONS AND SUMMARY 

The rev iew o f  a v a i l a b l e  d a t a  g i v e n  i n  S e c t i o n s  I1 and I11 s u g g e s t s  

t h a t  r e - d e t e r m i n a t i o n s ,  ex tended  d e t e r m i n a t i o n s ,  o r  o r i g i n a l  d e t e r m i n a t i o n s  

be  made f o r  s e v e r a l  of t h e  p r o p e r t i e s  of  l i q u i d  oxygen d i f l u o r i d e  and 

l i q u i d  d i b o r a n e  i n  o r d e r  t o  p rov ide  a sound b a s i s  f o r  e s t i m a t i n g  t h e  

s t o r a g e  and per formance  paramenters  of  t h e  p r o p e l l a n t  s y s t e m .  The 

f o l l o w i n g  l i s t  i n d i c a t e s  t h e  l ack  of a d e q u a t e  d a t a  f o r  t h e  p h y s i c a l  

p r o p e r t i e s  of i n t e r e s t :  

Oxygen d i f l u o r i d e  (OF?)  

(1) D e n s i t y  m a t r i x  ( c o m p r e s s i b i l i t y )  between 14 .6  and S O 0  p s i a  
a t  t e m p e r a t u r e s  between 125' and 210'K. 

( 2 )  S u r f a c e  t e n s i o n  between 50' and 125'K. 

( 3 )  H e a t  c a p a c i t y  between 50' and 125'K. 

D iborane  L$H6 

(1) C o m p r e s s i b i l i t y  a t  s e v e r a l  check p o i n t s ,  e s p e c i a l l y  a t  
v e r y  h i g h  and v e r y  l o w  t e m p e r a t u r e s .  

( 2 )  Thermal c o n d u c t i v i t y .  

A SUMMARY OF SEUCTED VALUES FOR THE PROPERTIES OF OF2 AND B2H6 IS  

GIVEN I N  TABLES 34 AND 3 5 ,  RESPECTIVELY. 
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T a b l e  35 

SELECTED VALUES FOR TIIE PROPERTIES 
OF LIQUID DIBORANE 

P R O P E R T Y  

hlel t i n g  P o i n t  

B o i l i n g  P o i n t  

Heat  of  Vapori  zaLiori  

Heat o f  Formation 

C r i t i c a l  TemperaLure 

C r i t i c a l  Volume 

D e n s i t y  

C o m p r e s s i b i l i t y  

S u r f a c e  T e n s i o n  

V i s c o s i t y  

Vapor P r e s  s u r e  

Heat  C a p a c i t y  

VALUES OR E Q U A T I O N S  

-164.8t)'(:, 108. 30'K 

-92.53'C, 180.63'K 

3 . 4 1 3  kca l /mole  Q 180.b3'K 

h . 7 1  k < . a l  'n!o!e 9 :'so(' 
lb.7'c. 289.9'K 

170 c c  

( 1 4 5 %  L O  260'K) 

(180'K t o  2bO'K) 

(143°K t o  lb5'K) 

11 = lh .4734 dhT-- 
2591.8  (10' 6 ,  dh:'I 

l og  p ",", = b.9b81 - b 7 4 . 8 2 " T - 1 5 . 0 2  
at  108' - 147'K 

i o g  P m m  = b . b l 8 8 5  - 583 .120 , '~ -  24 .63  
a t  150' - ISO'K 

(112 '  t o  17b'K) 

(170'  t o  2b3'K) 

R E F E H E N C E  

T a b l e  15 

T a b l e  15 

T a h l e  15 

Tal ,  .___. I c 15  

Tat i le  1 5  

T a b l e  15 

T a b l e  l h ,  F i g .  4 

T a b l e  2 1 ,  F ig .  7 

T a b l e  23 ,  F i g .  9 

T a b l e  2 2 ,  F i g .  8 

T a b l e  Zb, F i g .  10 

T a b l e  3 2 ,  F i g .  11 

T a b l e  33 ,  F i g .  11 
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